An enzyme is present in extracts of guinea pig polymorphonuclear leukocytes which can catalyze the hydrolysis of pyridine nucleotides. The enzyme is equally active toward nicotinamide adenine dinucleotide (NAD) or NAD phosphate, has an acid pH optimum, and is inhibited by either nicotinamide or isonicotinic acid hydrazide. This enzyme might be involved in the regulation of the pyridine nucleotide concentration within the leukocyte.
During the process of phagocytosis by polymorphonuclear leukocytes (PMNL), a number of metabolic changes occur. One of the most dramatic of these is an increase of glucose oxidation via the hexose monophosphate shunt (HMS) pathway. Although the exact mechanism of this stimulation is controversial, there is general agreement that the supply of intracellular nicotinamide adenine dinucleotide phosphate (NADP) is a major control mechanism which regulates the activity of the HMS (2, 9) .
Most work has been concerned with mechanisms which might generate NADP (19) , and little attention has been paid to reactions involved in its breakdown. One mechanism for degrading pyridine nucleotides involves cleavage by NAD glycohydrolase (EC 3.2.2.5). Although this enzyme has been described in a number of animal tissues (14) , to the best of our knowledge, it has not been identified previously in PMNL. The present communication describes the identification and some properties of an NAD glycohydrolase in sonic extracts of guinea pig PMNL.
MATERIALS AND METHODS
NAD (carbonyl-l4C; specific activity, 18 mCi/ mmole) and NADP (carbonyl-t4C; specific activity, 22 mCi/mmole) were obtained as freeze-dried solids from the Amersham/Searle Corp., Arlington Heights, Ill. The isotopes were dissolved in phosphate buffer (.01 M, pH 7.4) to give a concentration of 2 /XCi/ml and were stored frozen until use. The radiochemical purity of the isotopes was checked by chromatography on a Dowex-1-HCO3-column by the procedure of Martonosi (15) (20) . Approximately 18 hr after the injection, the animals were sacrificed and the neutrophils were harvested from the peritoneal cavity by repeated washes with cold phosphate-buffered saline (PBS) (16) . The cells were harvested by gentle centrifugation, washed 2 times with cold PBS, and suspended in five volumes of cold PBS. The final cell suspension was disrupted by sonic oscillation as previously described (6), diluted with PBS to an approximately 25-ml volume, and used in the assays described. The broken-cell suspension was not subjected to centrifugation because this resulted in loss of virtually all activity.
The protein content of the material subjected to sonification was estimated by the biuret method of Gornall et al. (10) with bovine serum albumin as a standard.
Radioactive assay. '4C-NAD or '4C-NADP (0.20 ml; 0.40,Ci) was incubated with 0.10-ml of sonic extract (1.5 10 ml of Aquasol (New England Nuclear Corp., Boston, Mass.) was added, and the samples were assayed for radioactivity on a liquid scintillation spectrometer.
Cyanide assay. This assay is based on the reaction of cyanide with NAD (or NADP) and involves determining the pyridine nucleotide level by reaction with cyanide before and after incubation with the enzyme (14) . Cyanide reacts only with the quaternary nitrogen form of NAD and will not react with adenosine diphosphate ribose or free nicotinamide. This assay is especially valuable in that it demonstrates cleavage of the nicotinamide ribose linkage.
In this procedure, 0.50 ,umole of NAD was incubated in 0.05 M phosphate buffer, pH 7.2, in a total volume of 0.60 ml. Reaction was initiated by the addition of 0.10 ml of sonic extract and stopped after varying periods of time at 37 C by the addition of 3.0 ml of 1 M KCN. Controls were run in which the CN-was added before the enzyme. All tubes were centrifuged for 30 min at 29,000 X g to remove particulate material, and the absorbancy was determined at 325 nm. NAD glycohydrolase activity was characterized by a decrease in the absorbancy at 325 nm, relative to a control stopped at zero time.
Enzymatic assay. The assay most commonly employed involved enzymatic determination of NAD by reaction with yeast alcohol dehydrogenase. The incubation procedure was similar to that employed in the cyanide assay except that the reaction was stopped by the addition of 3.0 ml of 0.1 M glycine buffer, pH 9.5, containing 0.5 M ethanol and 0.02 M nicotinamide. Tubes were centrifuged at 29,000 X g to sediment particulate material, and the absorbancy at 340 nm was determined to obtain a blank value. An excess of alcohol dehydrogenase (10 IU) was added to each tube, and the absorbancy at 340 nm was again determined after a 15-min incubation at room temperature. The change in absorbancy after addition of alcohol dehydrogenase was related to the NAD reduced form (NADH) concentration by reference to a standard curve.
A slight modification permitted measurement of NADP concentration. In this case, the reaction was stopped by the addition of 3.0 ml of 0.1 M phosphate buffer, pH 7.0, containing 0.02 M nicotinamide. The absorbance at 340 nm was determined after centrifugation, and 7.5 ,umoles of glucose-6-phosphate and 5
IU of glucose-6-phosphate dehydrogenase were added. The absorbancy was again determined after a 15-min incubation at room temperature, and the change in absorbancy was related to the concentration of NADP.
The enzymatic assays are more sensitive and more reproducible than the cyanide assay, but they do not determine whether splitting occurs at the nicotinamide glycosidic bond or at the pyrophosphate grouping (14) . RESULTS The existence of an enzyme in PMNL capable of degrading pyridine nucleotides was first deduced from isotopic experiments employing 14C-NAD or 14C-NADP. A representative experiment utilizing 14C-NADP is shown in Fig. 1 were obtained using '4C-NAD, where the radioactivity shifted quantitatively from peak II to peak I (data not shown).
The identity of peaks II and III was demonstrated enzymatically. When the material eluting in peak III was incubated with glucose-6-phosphate and glucose-6-phosphate dehydrogenase, a material was formed which absorbed strongly at 340 nm (NADPH); no such absorbance was observed when the material from peak II was so treated. Conversely, incubation of material from peak II (but not peak III) with ethanol and alcohol dehydrogenase resulted in formation of a material absorbing at 340 nm (data not shown). These results unequivocally establish the identity of peak II as NAD and peak III as NADP.
The time course of the enzymatic reaction assayed by the cyanide procedure is illustrated in Fig. 2 . The upper section (A) illustrates the reaction employing NADP as substrate; the lower section (B) utilized NAD. In both cases, the reaction was run using whole sonic extract (solid line) and sonic extract which had been centrifuged at 29,000 x g for 15 min. The results indicate that the whole sonic extract has appreciable NAD glycohydrolase activity which is equally active toward NAD and NADP. This activity is entirely lost if the sonic extract is centrifuged at 29,000 x g prior to assay, indicating that the enzyme is rather firmly bound to some particulate material. A linear relationship between the enzyme activity and incubation time is observed with either substrate.
1igure 3 shows the time course of the reaction by the enzymatic assay described previously. The reaction is linear for at least 30 min under the conditions used and begins to slow down at longer periods of time, presumably because of product inhibition. NAD and NADP are again seen to be equally good substrates for the enzyme. Similar experiments were run by using NADH and NADPH as substrates to study further the substrate specificity of the enzyme. Some activity toward both reduced pyridine nucleotides was observed in several experiments, but the magnitude varied considerably, and the results were not reproducible. This activity was not linear with respect to time of incubation and may have required prior oxidation of the reduced substrates by the oxidases known to be present in PMNL (1).
The effect of increasing protein concentration is seen in Fig. 4 (14) . However, an enzyme which hydrolyzes NADP at a slightly greater rate than NAD has been partially purified from pig spleen (8) inhibitor of NAD glycohydrolase activity in all tissues studied, the effect of INH on the enzyme varies considerably (14) . Enzymes from some sources are very strongly inhibited by the compound, whereas others are not affected.
The enzyme from guinea pig PMNL is similar to that from most sources in that it is firmly bound to membranous material, as evidenced by a complete loss of activity when the sonic extract was subjected to high-speed centrifugation (Fig.  2) . The leukocyte enzyme is equally active toward either NAD or NADP; this specificity is similar to that shown by the enzyme from pig spleen (8), but different from that of most other sources. In addition, the leukocyte enzyme showed some variable activity toward reduced pyridine nucleotides, but this may simply reflect prior reaction of the substrate with one of the oxidases known to be present in guinea pig PMNL (1) . The enzyme has a pH optimum of 5.5 to 6.0, which is lower than that observed in many tissues but rather similar to the pH optimum of an enzyme described in pig spleen (8) . As expected, the leukocyte enzyme is strongly inhibited by nicotinamide; it is, likewise, very sensitive to inhibition by INH.
The function of the NAD glycohydrolase in the leukocyte is uncertain, but it may play a role in regulating the pyridine nucleotide concentration within the cell. During the course of the phagocytosis and killing of bacteria by PMNL, there is a dramatic increase in HMS activity (20) . The exact relattonship of the HMS increase to the bactericidal process is uncertain, but several clinical syndromes have been described in which the HMS activation was lacking (5, 12) . These were accompanied by defects in bacterial killing.
It is generally agreed that the supply of oxidized NADP is rate limiting for the HMS (2, 9) NADP (and hence the HMS activity) are presented schematically in Fig. 6 .
A number of workers feel that an increased activity of NADPH oxidase is the primary event which stimulates the HMS by directly producing NADP from NADPH (13, 17) . Others, however, feel that the generation of H202 is a primary mechanism which stimulates the HMS indirectly through the oxidation and reduction of glutathione (18) . The hydrogen peroxide might be generated by means of NADH oxidase (3), D-amino acid oxidase (4), or the oxidation of ascorbic acid (7) . Recently an NAD kinase has been identified in leukocytes which could increase the availability of NADP by reaction of NAD with ATP (L.R. DeChatelet et al., Clin. Res. 20:527,1972 ). All of these proposals are concerned with mechanisms which increase the net synthesis of NADP.
It seems apparent that the intracellular concentration of NADP might be controlled both by synthesis and degradation of the compound. Just as it would be possible to increase HMS activity by increasing net production of NADP, it might, likewise, be possible to increase HMS activity by inhibiting its breakdown. One such mechanism for degrading NADP involves NAD glycohydrolase. The possible physiological involvement of this enzyme deserves further investigation.
